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USE OF ORAL TOLERANCE TO SUPPRESS 

is Ei£li - t ^lf^ on relates to methods «« suppression - 
f, Th2 (as well as Thl) immune responses and antibody 

^ion and finds *PP"— *» "'"^ " 

antibody-mediated autoimmune diseases. 

20 ^^^ZTTo^ — to toleri.e the in-e 
system against antigens (foreign or ^ 

-W" ^"Ta " feeding as a means to 

autoimmune d.seases (1.2)^ ^ ^ ^ ^ £ar 

successful m toieriz* . Maintenance of 

of ™ ly^hocyt* s appear ^ ^ the 

« re3P ° n8 ? ^ , t0l erLe W Thl-mediated immune diseases 
induction of oral «j™ Antibody-mediated autoin^nity, 
30 (bystander suppression) . In antlb y role . 

h °" eV " d " 2 S ^leT^s i autoi^e 
It would be t"«efore ^^ay-mediated autoimmune 

.espouses associated w ^ ^ auppression 

diseases. However, up * . fl d to i e rance. 

35 has not been induced as the result o£ orally ind 

There nave been several reports (4, 19, 34, 35) 
, Ministration of single doses and relatively high amounts 

ai8 ease has induced ^ ^Z^S^ — 
40 responses. Anergy is a state 
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nonresponsiveness. However, the degree to which anergy 
contributes to Th2 tolerance is still under investigation. 

Difficulties in generating tolerance of Th2 
lymphocytes in vitro (6-8) or of Th2-mediated antibody 
5 production in vivo have been encountered in other experimental 
systems in which tolerance was induced by intravenous (I.V.) 
or intraperitoneal (I.P.) administration of soluble antigens 
(9-12) Thus, after tolerization by the oral or parenteral 
route, IL-2 and IFN Y were not produced in cultures, and a 
10 diminished lgG2a antibody response was observed in vivo 
(tolerance of Thl responses) . In contrast, IL-4 production in 
vitro and IgGl responses in vivo were intact (intact Th2 
responses) (3-11) . It appeared, therefore, that Th2 lympho- 
cytes were resistant to tolerance induction, whether by oral 

15 or parenteral route. 

B-cells have been even more resistant to suppression 

by tolerization techniques. 

On the other hand, the oral route of exposure to 
antigen has evolved as an efficient pathway to generate 
20 peripheral tolerance to food antigens (13) . As a result, both 
cell-mediated immunity (controlled by Thl lymphocytes) and 
hypersensitivity (controlled by Th2 lymphocytes) to food 
antigens appear to be prevented in normal subjects. 

In light of this, the present inventors endeavored 

25 to discover oral tolerance techniques that would cause 
suppression of specific Th2 lymphocytes. Since Th2 lymphocytes 
play an important role in antibody production, successful 
suppression of Th2 responses would prove a useful tool in 
suppressing abnormal antibody -mediated immune responses. 

30 oral tolerance is a clinically attractive method to 

treat immune dysfunctions (such as autoimmune diseases) for 

several reasons: 

(l) Absence of toxicity - No toxicity has been 

observed in clinical trials involving oral administration of 

35 bovine myelin (which contains MBP and PLP) to humans afflicted 

with multiple sclerosis; or oral administration of chicken Type 

II collagen to humans afflicted with rheumatoid arthritis; or 

oral administration of bovine S -antigen to humans afflicted 
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with uveoretinitis; or oral administration of insulin to 

healthy volunteers. 

(2) Avoidance of global immunosuppression - 

Previously available treatments involved the administration of 
5 steroids, or cyclosporins A. or chemotherapeutic drugs or 
biologic response modifiers and other global imm^osuppresswe 
agents which diminished the ability of the treated «*J«*" 
defend against pathogens (and was accompanied by various other 
taown side effects ranging from unpleasant to life- 
10 Sreatening). Oral tolerance on the other hand would 
a^ish Specific suppression of abnormal i^une responses. 
(3) Convenience of therapy. 
Oral tolerance to autoantigens (defined solely for 
purposes of this background discussion as antigens that are 
15 primary targets of attack by the immunoregulatory system) and 
blander antigens (briefly, antigens specific to the organ o 
tissue affected in a T-cell mediated autoimmune disease but not 
necessarily a target of autoimmune attack) has been induced 
successfully by daily (and/or less freest, 
20 such antigens and has been employed to suppress ™-» ^ 
autoimmune reactions or responses, and thus to suppress (T eel! 
mediated, autoimmune disease in both ~ 
Thompson. H.S.O. etal. Clin. Exp. Immunol.. «' s "- S «-"£ 
Kagler-Anderson. 0. et al. -c. .at'l Acad * (^ ■ 



25 74 l3-744 S . 19*6; Higgins, P. et al. J. Immunol • 

19 e 8! Zhang, J.A. et al. Proc. BK1. Acad. 3d. (WW 
88,10252-10256. 1991; Nuseenblatt . R.B. et al.. J. ^1 
144,1689-16*5. 1990, Heiner, H.L. et al. 

1324 1993; Trentham. D.E. et al.. Science, 261. 1727-1730. 
30 1993'. m the case of Thl-mediated autoimmune disease, oral 
tolerance results in active suppression, i.e.. ^"J"" * 
antigen specific T- cells which are or include Th2 cells and 
which are targeted to the afflicted tissue and exert local 

suppressive effect. t 

Methods and compositions useful in suppression of an 
immune response associated with a T-cell mediated or T-cell 
dependent autoimmune disease by orally induced tolerance (or 
by tolerance induced by inhalation) using daily or less 
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frequent administration of autoantigens or more generally 
bystander antigens with and without enhancers have been 
described in various patents and patent applications by the 
present inventors and their co-workers: Ser. No. 07/843,752, 
5 filed February 28, 1992; Ser. No. 08/202.677, filed February 
25 1994; Ser. No. 08/419,502, filed April 10, 1995; Ser. No. 
08^419,505. filed April 10, 1995; Ser. No. 08/235,121, filed 
April 28, 1994; Pat. No. 5,399,347, issued March 21, 1995; Ser. 
No. 08/297,395, filed August 11, 1994; Ser. No. 08/046,354, 

10 filed April 9, 1993; Ser. No. 08/420.979, filed April 10, 1995; 
Ser. No. 08/420,980, filed April 10, 1995; Ser. No. 08/105,912, 
filed August 10, 1993; Ser. No. 08/279,275. filed July 22, 
1994; Ser. No. 08/328,562, filed October 24, 1994. These 
techniques induce suppression of Thl responses, which is 

15 beneficial in the treatment of T-cell mediated or T-cell 
dependent autoimmune diseases. The Th2 responses are not 
suppressed and are relied upon to regulate Thl responses 

(bystander suppression) . 

It would nevertheless be desirable to devise methods 

20 to extend the use of orally- induced tolerance to the treatment 
of other immune dysfunctions. One such class of immune 
dysfunctions are antibody-mediated autoimmune diseases, (for 
example certain aspects of systemic lupus erythematosus, 
autoimmune thyroiditis, myasthenia gravis, glomerulonephritis, 

25 autoimmune hemolytic anemia, autoimmune thrombocytopenic 
purpura, pemphigus vulgaris. Grave's disease. insulin 
resistance (encountered in Type II diabetes) , and pernicious 
anemia) . 

30 of Tnvention 

It is an object of this invention to devise methods 
and compositions for suppressing Th2 autoimmune responses 
(alone or together with Thl responses) via the oral route. 

Another object is to devise methods and compositions 
35 for suppressing abnormal antibody-mediated immune responses. 

A further object is to devise methods and 
compositions for treating antibody-mediated autoimmune 
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responses, in order to treat antibody-mediated autoimmune 
diseases . 

iMTnnprY ^ f *~ hff Invention 
5 m one aspect the present invention relates to a 

method for treating a mammal suffering from an antibody- 
mediated autoimmune disease comprising orally administering to 
said maimnal at least one autoantigen (as defined below) 
specific for said disease; and continuing said administration 
10 for a period of time until a Th2 cell mediated autoimmune 
response associated with said disease is suppressed. The 
amount of said antigen, the schedule (frequency) of said 
administration, and the period of time are selected to effect 

said suppression. 

15 in another aspect, the present invention relates to 

a method for treating a mammal suffering from an antibody- 
mediated autoimmune disease comprising administering to said 
mammal via the oral route an autoantigen specific for said 
disease for a period of time sufficient to accomplish at least 

20 one of the following: reduce the number of autoreactive Th2 
cells in said mammal recognizing said autoantigen; reduce the 
number of autoreactive antibodies in said mammal recognizing 
said autoantigen; and eliminate or decrease the severity of at 
least one clinical symptom or indicator associated with said 

25 disease. , , 

In a further aspect, the present invention relates 

to a method for treating a mammal suffering from an antibody- 
mediated autoimmune disease comprising parenteral^ 
administering to said mammal at least one autoantigen specific 
for said disease; and continuing said administration until a 
cell mediated autoimmune response associated with said 

disease is suppressed. 

Other aspects of the invention relate to suppression 
of a Th2 (or both Th2 and Thl) response associated with 
antibody-mediated autoimmune disease by oral administration of 
at least one autoantigen specific for the antibody -mediated 
autoimmune disease in an amount, a frequency of administration 
and for a period of time effective to suppress said response. 
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Further aspects of the invention will be apparent to 
those skilled in the art in light of the present description, 
and accompanying claims and drawings in which: 

npTj? F nKSCRT PT™" 0F ™* DRAWINGS 

rT ,^ P u „nd IB are plots of spleen cell 
proliferation averages ± SEM in absorbance units at 570-630nm 
against stimulating antigen concentration in vitro. Mice were 
continuously exposed to OVA in drinking water for 20 days and 
primed by OVA-CFA (open triangles) . Control mice were primed 
by OVA-CFA (filled circles) or CPA alone (open circles). 
Pooled erythrocyte depleted spleen cells were prepared 10 days 
after immunization and stimulated by different concentrations 

of OVA (Fig. 1A) or PPD (Fig. IB). 

F . T , fog 2A . 2 ? or and 2D are plots of antibody 
titers (averages ± SEM) from individual mice (for all isotypes) 
expressed in absorbance units at 405 nm against reciprocal 
serum dilution. Mice were continuously fed with OVA (open 
triangles). Control mice were primed by OVA-CFA (filled 
circles) or by CFA alone (open circles) . Serum samples were 
collected 15 days after immunization and individually assayed 
for IgG2a (Fig. 2A) , lgG2b (Fig. 2B) , igQi (Fig. 2C) and igB 
(Fig. 2D) . 

FigurjLJ. is a plot of OVA specific cytokine release 
or antibody titers v. amount of fed antigen. Mice were 
continuously fed with different dosages of OVA for 20 days and 
primed by OVA-CFA. Cytokine (circles) and antibody (triangles) 
secretion respectively are shown for IL-2 (solid circles) and 
IL-4 (open circles) . Cytokine results are averages ± SEM of 
quadruplicate cultures and are expressed in absorbance units 
at 570-630nm. IgG2a (solid triangles) and IgGl (open triangles) 
are also shown. Antibody titers are averages ± SEM of txters 
from individual mice and are expressed in absorbance units at 

405nm. , 

Figure 4 is a plot of average antibody binding ± SEM 

from individual mice at a serum dilution of 1:400, presented 

in absorbance units at 405 nm against time of exposure to anti- 
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gen . igGl are shovm by open circles and lgG2a are shown by 

solid circles. 

£i31ir ^_ 5A is a plot of the percentage of V08.2+ T- 
cells which are also CD4 + versus antigen (OVA) feedings over 
feeding frequency. Mice were fed 0.5 (open circles) , 5 (filled 
squares) or 500 mg (filled circles) of OVA every other day for 
five feedings, and T-cells were harvested for analysis prior 
to and 24 hours after, each feeding. 

r < TT - P ™ *nd 5C are fluorescence contour plots 
showing the probability of incidence of T-cells of various 
subtypes; CD4 + cells are depicted in the upper right-hand 

qUadrant ' Zigure_£A. is a plot of the percentage of V08.2+ cells 
which are undergoing apoptosis versus antigen (OVA) feedings 
over feeding frequency. V08.2+ cells from mice fed 0.5 (filled 
circles) , 5 (filled squares) , and 500 mg (closed circles) were 
analyzed for the presence of degraded DNA which indicates 
apoptosis by staining with acridine orange. 

f<T ,p, f and 6C are Forward Angle Light Scatter 
(FALS) plots showing the incidence of acridine orange staining 
(indicating dying cells) for various T-cell subtypes. 

^onre 7A is a plot of percentage of V08.2* cells 
which are actively dividing versus antigen (OVA) feeding 
frequency. V08.2+ cells from mice fed 0.5 (open circles), 5 
(filled squares) , and 500 mg (filled circles) were analyzed for 
DNA content which indicates active division, by staining with 

propidium iodide. 

m ,~a 7R and 7C are FALS plots showing the 

incidence of DNA content for various T-cell subtypes from 
control (B) and OVA- fed animals. 

* i T ,rg 8A-8B are plots showing the concentrations of 
cytokines IL-2 (8A) , IL-4 (8B) , IL-10 (8C) , (all in pg/ml) > and 
IFN-7 (8D) and TGF-/3 <8E) (both in ng/ml) versus antigen (OVA) 
feeding frequency. 

n ^lPri Deq ^jpHnn of fhP Invention 

The following terms, when used in this disclosure, 
shall have the meanings ascribed to them below: 
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is defined herein as any varm-blooded higher 
ve rtebrate organise .including a -) having an i^ne system 

mammals, xnciuaiuy ni . ._ nr , pfl within the 

d istingu !e h between foreign isogenic ^ 
^ and/or autologous substances and as a -u^ 

f< BBU eB and substances as if they were tu;.<= a 

, r rr £r «-,«. «~ *• inciuaes 

Zan autoi-une diseases and ani^l -dels there^ 

■Autoantigen- is any substance or a portion thereof 

nor^lly found within a — 1 that invokes an i^ne response 
■ *4„4Huai i e that is recognized by activates 

within an individual, i.e. * 

conies having the =-^11^" 
- 1 ^n^a^prpd to mammals. Adaitionaxxy , 
;0 disease when ottered to eB8entia lly of 

f i^t epitope? or i^odoMnant epitope regions of 
immunodominant epitopes or induced 

autoantigens. « ^ 1 fan 

_^ 1Hong are fragments or portions 01 

""^Ten tLt TL used insteld of the entire autoantigen 
!5 the ts «e m hu^ne afflicted with an auto*™- 

• ^ al -t-*ck T- cells or antibodies from a patient or 
30 of autoimmune attack T cells ^termination 
a aroup of patients. Sfifi, e.g., 08/426, i 
of T cell Lunodominant epitopes. Autoantigens and their 

= t-h^t elicit antibodies can be 
immunodominant epitopes that elicit ■ felot 
identified by antibody binding tests, ELISA assays or a 

35 analysis using whole antigens or peptide fragments of a 
particular autoantigen (overlapping peptide to 

-Treatment" of an autoimmune disease is intended 
include both treatment to prevent or delay the onset of an 



WO 96/391 7( 



PCT/US96/I0386 



10 



15 



20 



autoimnune disease (or to prevent or delay the manifestation 
of clinical or subclinical, e.g., histological, symptoms 
thereof) , as well as therapeutic suppression or alleviation of 
symptoms after the manifestation of such autoimmune disease, 
in either case, treatment is accomplished by abating autoimmune 
attack and preventing or slowing down autoimmune tissue 
destruction. "Abatement-, -suppression- or -reduction- of 
autoimmune attack or reaction encompasses partial reduction or 
melioration of one or more symptoms of the attack or reaction, 
i e reduction in number of activated autoreactive T-cells or 
in number of autoreactive antibodies. A -substantially- 
increased suppressive effect (or abatement or reduction) of 
autoimmune reaction means a significant decrease in one or more 
markers or histological or clinical indicators of autoxmmune 
reaction or disease. Nonliving examples of symptoms 
associated with various autoimmune diseases are given below^ 
in each case an improvement in one or more symptoms reported 
by the patient (e.g. fatigue) or observed by the attending 
physician or determined by quantitative or ^ive 
techniques can be used to assess efficacy of treatment 
according to the invention. 



25 



30 



DISEASE 



Autoimmune 

hemolytic 

anemia 



Infertility 
due to Sperm 
Antigen Auto- 
antibodies 



Sjogren' s 
Syndrome (SS) 



- anemia 

- splenomegaly 

- spherocytosis of blo ? d * mea p MP „ r 
polychromatophilia with high MCHC 
"warm reading- positive direct antiglobulin 

test (DAG) , 

- autoantibodies to sperm detected by agglu 

tination and sperm l~»» ill »SSl2v SSS' 
tube- slide, slide, tray, or capillary tube 

^assivfhelgriutination assay (Mathur et 
al!, T Methods 1979, a* 381 "" 3 * 

- radiolabel antiglobulin test (Haas, et al 
NEJM. 1980, 303:722-727) 

- autoantibodies to SS in serum and saliva 
I Sl^t^ofTalivary glands and lachrymal 
glands 
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DISEASE 



Systemic 
lupus 

erythematosus 



SYMPTOMS/DIAGtfOSTIC 



KAKXERS 



Myasthenia 
5 II gravis 



Autoimmune 
thrombocyto- 
penic purpura 

Primary 
Biliary 
cirrhosis 



Ulcerative 
colitis 

Wegener's 
Granulomato- 
sis 



- anemia 

- fatigue 

- malar rash 

- discoid rash 

- oral ulcers 

- arthritis 

- serositis , oT _ mpaaure d by abnormal 

mined by immunoassay tjjg £lear ^gens. 
drugs known to ^^^Sydlposit of immun- 
. renal disorder measured =r °J lar c asts. 
naiobullnB, r mteinurla, or celiu^a __ 

- ocular ntuBcle weakness 

- antibodies to platelets 



Insulin 
resistance 



. serum alkaline phosphatase increase 

- bilirubin increase 

- igM and IgG increase 

- hyperlipidemia 
lipoprotein X 

- serum bll » «* lts increased 

appetite 

- anemia 

- sedimentation rate 

- rheumatoid factor 

- uremia . 

measurement of anti-insulin antibodies 
ketoacidosis 
hyperglycemia 
hyper insulinemia 
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DISEASE 



Graves 
disease 



pemphigus 
Vulgaris 



Glomerulone- 
phritis 



scleroderma 



SYMPTOMS /DIAGNOSTIC MARKERS 



-^^.ent of «1U. seru» T. and T„ RT.U «* 

"thyroid enlargment nerV ous instability, 
- weakness, weight loss, ne ™ hl& flifl 

SSfESFaSi&as"- - 

mon itor therapy) _ 

ffinVaufoanXaieTTe preterm to 
monitor therapy). 
hematuria 

red cell cast excretion 
proteinuria 

fluid retention 

observation of afflicted tissue 
esophageal dysfunction 

23£32r f and°serum antinuclear antibodies 
anticentromere antibodies eroder ma 
antibodies against specific sciero 



10 



myositis 



vasculitis 



s sue 



an tigens 

- observation of afflicted ti 

- arthralgia 

- muscle weakness v-inase. transaminase) 

- muscle enzymes (crRatin kinase, c . 



afflicted tissue 



(vascular 



and 



15 



20 



amatively, patient i^roveoent can » 

, v,=4-h«t- t-here has been a significant 
by assay to determine ^^^^^ T . cells; or in the 
reduction in the frequency of autoreaCt ^ 

«f autoreactive antibodies, or both. 

Oration induces orai. enteral « 
• a «rt more generally any 

.ntra^tric aaainiat ration ^ ^ ^ 

irrrr - *- — — - the 

associated lymphoid tissue. inc i u des subcutaneous, 

-Parenteral" administration include. ' or 

intradermal, intra— ^^^^ is 
intrathecal administration. Intraven ^ 
preferred. Parenteral administration must 
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stimulatory substances which might cause an undesirame i^ne 

reaction. 

""""^ The present inventors conceived that it should be 
.„,. to stress both Thl and Th2 abnormal immune responses 
fill her these responses were directed against an external 
l:"" « I eelf-antigen, via orally or parenterals induced 

t0leran=e *e present inventors observed that maintenance of 
exposure to antigen appeared to be important for the 

'ZrjZZZ ZJZZJ— due to Auction of clonal 
and anergic cells removed from contact with the 
^n'^— tion in ^J^^ 
antigen ,1« . *» "y extending the 

in the con- of^lV ^ ^ ^ ^ 

against Th2 lymphocytes. 

The simplest system for testing this was 
defined quantities of antigen avaiXable to the experimental 
ani^U throughout their daily activity period while being able 
„ assess antigen consumption as well as its frequency. It was 
tnerXe decided to add the antigen used for immunization to 

the animals" drinking water. 

Another consideration was to devise a system for 
, testing the principle of this invention in a manner that would 
Tof Is general applicability - possible^ in - « 

OVAasthetoie g ^6688, it was 

5 rjnstrd and"™ Tponses in the autoi-une 

Isease model . <a model for > 
rS^rr e^^ressing an _ 
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response to OVA (Richman, L.K., et al. o^fflm^ 121:2429 
78 The applicability of this era! tolerization treatment 
t e ' the treatment involving prolonged exposure to antigen 
through -multi-dose administration- as defined below, to 
5 various disease states characterized by one or more undes rab e 
5 IlTne responses would depend on the ability of tU. ^ 
suppress various immune responses. The T- cells of the subject 
"act to an antigen they recognize regardless of whether that 
antigen is endogenous (as in autoimmunity, or not (as » the 

in nrpsent experimental models). 

10 present xp^ ^ ^ ^ 

oral administration of antigen to a subject to be 

I subject that mounts an in^ne response to ^t antigen, 

achieves the suppression of not only Tn2 but also ™J>™> 

1S r spouses to the same antigen. -*ati.dose admin-ration or 
•multi-dose exposure- or -exposure to multiple doses 
2 passes administration occurring at a plurality -* spaced 
apart intervals during the same day as further described below, 
as wel l as continuous administration either by intragastric or 

20 Parenteral infusion, or by ingestion of a sustained- release 
dosage form. The term thus refers to a schedule or fre^ency 
o£ administration ^ ^ ^ ^ ^ by also 

Thl lymphocyte responses entrained (and was confirmed ; by, 
25 profoundly suppressed numbers of in /"f-J^ 
specific antibodies, including IgGl and IgB (which are 
on rolled by Th2 cytokines, with xgE being considered to be 
exclusively Th2- controlled) as well as IgG2a and IgG2b (which 
are controlled by IFN-ir, a Thl cytokine, . 

Tolerance of both Thl and Th2 responses to the mult! 
dose fed antigen was confirmed by. (i, Uil«. - 
animals fed antigen by multi-dose administration to 
in vitro to the fed antigen (which also had been used tor 
ionization, . as well as by (ii, suppression o f Thl and Th2 
,5 cytokine secretion and cytokine gene expression by the 
" o "zed T-ceUs. Xn fact, suppression of cytokines was 
demonstrated by EL ISA, CT.4S cell proliferation and 
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.reverse transcriptase polymerase chain reaction, . These tests 
demonstrate toleration of Th2 M achleve 

The present inventors were the first to 
complete Ration of Th, lymphocytes as demonstrated both 
ln vitr0 an, in Wvo. ^ ^ 

. \ - ,-hat even larger amounts of antigen orally 
determined further that even g ^ ^ ^ ^ ^ 

administered also brinS ln ^tlple daily doses, 

responses even when ^ ^ tran sgenic nice 

=:;e^ rzie Les . .e 

is euhstantially through deletion of ^ °<£ can be 

no The inventors concluded that tms *yy ... 
Thl cells The ^ -^-mediated (antibody-mediated) 

^on^^^ 

0 J .legation "^ot^^^^ 

once daily or according to a less fr qu or 

d08e3 ' in Espies 6-9. the ani*»l model used involved 
ani^s « -e 'only — that are reactive w t ^e - 
antigen as that used for ^lon ,0«. -rat ^ 
applicability of these findings to "»an ^ 
, autoimmune disease is the same as that described 
multi-dose experiments. 

^unts and Schedule (Frequency and Duration) 

* relatively high amounts of antigen to a 
attendant ^^J^^J.. lMn une system, achieves 
locus exposed to the treated sudj (Su0P ression of 

suppression of Th2 as well as Thl responses. (Suppr 
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i datively modest amounts of antigen and 
only Thl requires only relatively ^ 

intermittent administration: 8Uppr essed with as 

rhe umatoid J^^^^c- a day, for 

little as 0.1 mg of collage » 1 of 0 .5 mg collagen II 

one month, followed by administrat-n 

adffl inistered ^"J^*^. to antigen enhances 
Relatively protracted xp ^ ^ fco fae 

.derivation of Th2 datively large 

f ed with a multi-dose more than l5 an d preferably 
counts of antigen (see infra) 

achieved in mice by even higher 

. period o £ time ^:o7ZZTe^° « suppress Th2 
Thus, the amount of antig schedule 
responses to that -i 9 en JeP^s even coroplete 

(frequency) of its a ^" 1S " a "°" « lc ular antigen (OVA) can 
, suppression of Th2 responses to a part ^ 

te achieved by »^^J^ Z same amount 14 mg, of 
ai vided daily doses to mice whereas t ^ ^ 

ov& , if administered once a day. . 

suppression of IV2 (see -9- ^ ^ needed 

X eubetant^lly higher ^ adndnlste red once 

to suppress Th 2 responses th ^ ^ u 

tolly or i-" n " i " en " y er J ^ er o£ feedings, in mxce, 
typicaUy achieved after a q£ 5 „ 50 
HV,r»P or more. Thus aiw 



30 



typically three or more. Thus after ^ _ ^ 

Bg of antigen on deletion, was achieved in 

suppression <^^^l d suppression resulted from 
aj.ce. substantially more p schedule. 

feeding =00 « of OVA ^^^eion of both ThX and 
Accordingly, to induce W ■ 

M responses in mice oral dependlng on the 

within the general range of 2 mg 10Q mg . ^ 

^tigen would be useful. ^^J^ 3 and preferably 
schedule of administration should be at 
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K Mme. a day for smaller amounts within this range 
" leaSt be less freie- e.g. once daily, once every other day, 

5 inCreaSed 'xn hu^ns, to suppress Th2 responses associated with 
5 ^ibody.ediated autoi^e disease ^J^^J^ 
* • 4 option an autoantigen should be administered 

three \n d preferably at least five or si, ti.es a day 
at least three an v w i ch and/or between meals) . 

„f is - 500 mgs divided among several dosages (as st 
range of 15 5 °°J" 3 nmber o£ do eages or total daily 

above). No maximum effective nunm _„„,,« a-ny doses 

XS intake of antigen has been discerned. Twelve daily 

in hu^ns. antigen conld be administered - ™ 

, . 1v three- times weekly, twice wee*xy 
"7' n^t!tl amount of administered antigen should 
20 week . in that event t tre atment depending on 

be within the range of 30 mg iu 9 F 

the antigen^ ^ o£ creatment in h s 

9hou id be ri- - - rTt - 

" ^ "7 ^.t^CSTSS-^: if desired ( in the 

rndi^rslhrrt-the patient is relapsing, treatment M y 

30 resume. H villed in the art, 

as will be understood by those skilled x 

th e dosage will vary with the 

a^ete" d" Consequently. ^^^T^Z 
or both of the dosages used and the ^ ini """ ^ 
wi ll preferably be determined based on < ° such 

especially on the patient's response to the treatment 
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experimentation, as illustrated 

in tbe JTtLil- d esc ti p t io n , specie «* a p-ticuU. 
vari ous .ntlbod y-^dlated autol^e dise ases 



Autoimmune 
Thyroiditis 

5 11 systemic Lupus 
Erythematosus 



thyrotropin receptor 

antltoodlej. J.g. & SB A an tig^ 
(also known as SS p ) , ^=C d ed) • RNA; Sm- 
stranded and single ^randed^ ^; ucleopro - 
( Smith) antigen; nRNP f^iear thereof such as 
iein) antigen; and fragments ther ^ ^ 

the 60 kd and 52 kd P»g^ ° m 7 0 kd an- 
tain described in Wagat B^t - ^ 

fee^n/ioSdon 1994; and Smeenk, (p. B2.1. 
14) ; Ku antigen, see infra. __ 



20 



| Myasthenia 
Gravis 

Insulin 
Resistance 



14) ; *.u om-^-s — ' -i 

acetylcholine receptor Waser , at al. 
^ nT f 172: 231-238,_ 1989 _ 



Enr^ it. 



insulin receptor (e.g 
5,385,888) 



U.S. Pat- No. 
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Autoimmune 
Hemolytic 
Anemia 

Autoimmune 
Thrombocyto- 
penic Purpura 

Glomerulo- 
nephritis 

Ulcerative 
Colitis 



them, e.g. Rh antige 

fi t al. Pfnn A. 78:551-563, 

, Platelet membrane antigens, e.g. 

platelets; platelet meu al _ 

Glycoprotein Ilb-IIIa, ^letex, 

ItLnLs inJietnatglo ^,?^ 26 - 33 ' 199 - 

— ^^^nT^ane and antigens 

^cori^ed with it ■ 

"autoantigen (40kd) 

Das et ^" J^Sfol^erinuclear antineutro- 

autoantigen target <* PJ" 

nhil cytop? aam antibodies 
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Diseas e 

Pemphigus 
Vulgaris 

Primary 
Biliary 
Cirrhosis 



Myositis 
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Antigen for Mult i -dose 
Administration to Humans, 

desmoglein, keratins, Type XVII collagen, Type 

IV collagen . 

" ~T~TTpIctor E1BF) (EBP- 80) , Mimori et 

, fihydJoIi^darfStyltransf erase and 
I SaSSliPoaiid ^ dehydrogenase 



Wegener's 
Granulomatosis 



Grave ' s 
disease 

Vasculitis 

Scleroderma 



autoantibodies (ANCA) 



JL2.: 



TSHR 



T^T^ens; serine_j>r otease proteinase^ 
DNA topoisomerase I ^\ Q ^ ^l^tT^lm 
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^ * „„ n < nfl are well-known and extensively 
All of the foregoing are wen ^ 

of several of the foregoing antigens u* 
BE *T d =J™« are commercially available. «here 
: /i^ antigen are not i»P»re preparations 

individual antige lcted tiBBue (from the same or a 

containing lysatee from afflicted * techniques . 

related species, can be used prepared by well J" 

Additional autoantigens can be identit : y 
screening antigens for binding with antibodies or activated 
cells from the patient. 

E2 ™ jUlifi R t 1 „istration of more than one autoantigen is 
possible, and in fact desirable when I 
autoreactive antibodies recognise more than °™ *^ ts 
cases where the autoantigen is unknown, entire tissue 
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_ _ r-piated species can 
w« a tes) from the same or a reiatea v 
(i.e., tissue lysatesj 

be administered. tolerization of Th2- 

Suita ble «r« can ^ ln My 

responses according to the present ^ a 

liquid, a capsule a4diti onally coulee inert 

Each oral £wlati °° y areu , lcall y acceptable carriers. 
0 o M tituents ^^J^^^JUi^ agents and salts 
diluents, fillers. Kor example, tablets may be 

as is well-Known in the « • procedures inlying 

formulated in accordance with conven ^ ^ ^ 

solid carriers -"^'Vccepcable aerials, such as 
£rom any pharma ceutrcally «cp ing eJtamples o£ 

gelatine or cellulose ^rivatrves^ „ lllca ^ 

Llid carriers ^J^J^s' Diluents can include 
oth er commonly used inert ing 

later alia saline, syrup, dextrose lnventlo n can 

The autoantigens used in the p 

al so be made up in iTa'physiologically 
for example, suspensions or solut ^ 
acceptable ao^eous U*« medium- ^ ^ ^ ^ 

««er, or suitable borage . such as ^ ^ ^ ^ 
.ill be convenient for the P ^ Uquid 

intervals throughout the day. suspended in a 

formulations the antigen may be diBsol^ 

physiologically accept^ i^d me^m.^ o£ Us „ lecule 
the antigen -y be -^^vsis or trypeinization, or 
(e.g.. hydrolysis, partial J acoe ptable limits 

adjustment of the pH ^J™*^^^ may be reduced to 
( e.g. 3.S to 8) . ""^^t physiologically acceptable 
— *- d r "r-eraraUnistration the antigen 
liquid medium. For par 

snould be administered in a 8ystem8 are also 

stained exampleg of 

contemplated and are include those Ascribed in 

sustained release era do age forms^ ^ ^ Nq> 

U.S. Patent No. 4 ' 7 ° 4 ' 2 f 5 . No . 4f309 , 404 issued January 
4,556,552 issued December 3, 1985, no. 
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* Tamiarv 5 1982; NO. 5,405,619 
a ^09 406 issued January 

'■ : ^ 10 1995 » 85/0^092 published my 23. 1985; So. 

issued April 10 1995 . « / issu ed Decker 

5.4X...71 -sue^y 1. 9 ^ i99ii NQ 5 236 704 

«. 1994.- No. ».»«^ S No _ li2W iBBuea September 29. 
5 i—d August 17 19 u _ i99i; „ o 4i895 , 724 

„ 1990 . No. 4,675,189 issued June 23. 1987. 
lBSU ed oril aoeage forms 

adhesive, are preferred. - — ^ 

, , — - C1 c 141- NO. 4,22b, 0*0, 

10 disclosed in BP 516, 141, «° - No 
xt a 243 Schiraldi et al., Dec. 
1980 ; NO. 4 ' 7 "' 243 ' 8 199Q; WQ 85/02 092; BPO 0 205 

4,940,587, Jenkins et al., July • 84 Sala 

282- Smart, et al . , ii^m^^^ ^ :295 99 ' " ' 
"al piacjy^d^ni^m^^ 

15 ^ :42 °" 2 I.' 17- 59^4 1983; Bioadhesion - Possibilities and 
^^f a ^wt; course No. 470, May 22-24, 1989. 
— ^^Lrcunj available sustained release 
^lations'and devices (the latter can bemused 
20 .escribed below) include those marketed by^ALZA Corp 

Palo Alto, CA, under tradenames ^'J^'^ 5 , 284 , 660 
OSMET, or described in one or more U.S. patents N . 
issued Feb. 9, 1994; No. 5,141.750 issued Aug. 25 199. 
issuea re 4,917,895 issued April 17, 

5,110,597 issued May 5, 1992, N , 993f073 issu ed 

25 1990; No. 4.837,027 issued June 6 1989 No 3, 

K57S- No. 3,948,262 issued April 6, 
Nov. 23, 1976, «o. PCT/US93/10077; 
3 944 064 issued March 16, 1976; No. 3.699,963, PCT/US93/ 

PCT/US93/H660; EP 259013; and EP 354742. 

sustained release compositions and devices 

associated lymphoid tissue iwu- adQ ition, 
between the antigen and the immune system 111 
sustained release compositions obviate ^ the 
3 5 multi-dose administration o£ the antigen andje 
req uired amount of antigen to be delivered *>™J* 
tJT daily doses. This substantially improves p 
compliance. 
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i a weeks as needed. upwaxu 

3 suitable for parenteral administration in an 
antigen suitable £0 P ^.tilled water etc.) . 

a T Pri "llst rJ salts ^ other optional ingredients 

Buffers, emulsitierB, Purified 

... ...> — ~ ";'r**„„":;,.„ 

wMrh is to illustrate the present 
to examples, the purpose of which is to m 

M " r — rci^'rein are incorporated by 
reference therein. X. case of conflict, however, the present 
Tpecification including its definitions will control. 



giratnplaa 



30 Frr^ vi^^ 31 ftnimai a d in 

Female BALB/C mice, 6-8 weeks of age, were u 
Female haw ^ department of 

light-controlled envxronment J"" ' » lntermltt e»tly 

water. During experiments mice fed wit OVA 
several times during the day (see below) had free 
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solution in water, instead of aione. Bach experimental 

group contained no less Chan 5 .nice. 

«~» «~. s r 

T « Louis HO) and purified protein derivative 
chemicals Co.. S^Louis. HO P^ ^ ^ ^ by 

PPD (Statens. Denmark, . Ora ^ ^ ^ 

^Iti-doee oral ^"'V otherwise stated, for a period 
driving water (1 mg/mL. » - con8OTea 4 

of 2 0 days «^ .ice were fed 

± 0 . 25 * solution day^ " ^ 

20 intermittent boluses of uva aqa inst OVA by 

. „ * on rtsva Mice were immumzea agaiu»u 

r— r.yoXuee. ; ^ r , . 

absorbed by i ^ £«» , J ^ ^ node [un 
—ally in hind foot-pads (for popliteal 

LN analysis) . 

» ^^^^^2, ana X** serum antibodies 

JtTZoll wlftestld by E.ISA as described (4, «) - 
specxfxc for °™ VA antisera we re placed on 

Serial two- fold dilutlon ^ previously coated with OVA, 
ELISA plates (Nunc, Denmark), previo y 

„ v. v^nMnvlated rat anti-mouse IgGl. IgG2a or ±9** 
5 followed by biotinyiatea r«* finally 
. nnal antibodies (Pharmingen, San Diego, CA) , and tin 
mo noclonal antibo (Kirke gaard * Perry Laboratories 

by peroxxdase-streptavid antibodiea we re detected by 

[KPL1 , Gaithersburg, MD) . Bound and 

Lt S («.). »- t. !=w Berun, concentrati ^ 
busa orotocol was developed. Plates were co 

,0 specific IgH ELISA pro (Sou thern Biotechnology 

with 2 n/ML monoclonal ^^^^ Berill two-fold 
associates, Birmingham, AM ■ ^ b OVR % 0 ^ ln PES) , 
S erum dilutions -^^-Ce .el ,1 = 1000,, and finally 
then by mouse anti-OVA hyper i aDecl£ ic> (KPL) . 

35 by peroxidase-goat anti-mouse JgO (, cha P ^ 
Bound antibodies were detect* * the ^ 
Antibody titers are averages of no less cnan 
"d are expressed in absorbance units at 405 nm ± 
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£ell ^Seen (erythrocyte depleted) and lymph node (») 
cell (popliteal and mesenteric) cultures were used for 
loliferation, cytokine secretion and cytokine gene expression 
: contained pooled cells fro, no less than 

T~ The proliferation of T lymphocytes in spleen and LN cell 
mice. The proj.ii. 4t . ... 19 , proliferation was 

r „ Ulires was assayed as described (14,19). "om 
cultures was Y , ^ resu lts are averages of 

measured by MTT oxidation (14,i»j, 

! 1, were culture in 24 well plates (Nunc, Denmark, with or 
were cu cytokine secretion was determined 

without OVA 1 mg/mL). ^™ tei £rom theBe cultures and 
morally in -^^f ^ , hours cultur e for IL-4 

^rr*traS-. a. « nr 
Action, ^-sr^ - 

70 .c tin assayed see * low, ^ ^ ^ 

STSi U mU £ o P r . .ours. ---/-r™Te S e 
— — -turet - - evented 

T;Voo D ZTenTcuii: "Jo ; g/ - * - - 

aTe 1 - sodium pyruvate. 0, nonces ent al a^no 
Lids ,all supplied „y Biological ^-^J^^ 
i Israel), 5 x lO'M 2-mercaptoethanol and 0.5% syngen 

£tt2!SlD ^Ss of XL-4. n.-a and IFH, in supematants were 

. — t ^=d^r^:e::^^ 

° ThTt aT-mouse X« or », - noclonal antrhod e= 

.capture antihodies, ""^.J^ rtt ~ti-mouse 
diluent/blocking solution (KPL) . Biotinyiat 
IL 4 IL-2 or IFN 7 monoclonal antibodies (detectxng Nobodies. 
IL-4, IL 2 or xr 7 fo iiowed by peroxidase -labeled 

ABTS (Kirkegaard & Perry) . Cytokine leve 

from a log-log plot of absorbance vs. concentrat 
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Mnant cytokines (Pharmingen) , and results are expressed 
recombinant cyco«.i»«= Threshold 
/ mT <for IL-4 and IL-2 or ng/mL (for IFNyj . 

"t : ' ««* — »• ««• 5 M/mL ' 10 ana 2 - 5 

"7 fir IL-4 IL-2 and a*, respective*. « a 
ng/mL for II .4. „ ere alB0 determin ed by bio- 

ccnfi^on.IL^an^ L ^ ^ ^ ^ 

assay using the CTLL u f Beches da. MD) 

dependent; kindly provided by Dr. W.E. Paul, HIH, 
cell lines as described (4) . 

-^^TTS, *- —red spleen cells 
using a TRI reagent (Molecular Research Center. Inc 
! • .n OH) according to a protocol provided by the 

,PCR> using cytokine specific primers. *-act - XL-^and »y 

^Lirrr --jet- ' - ... 

Dia. These were subjected to 8 two ic 

,™>li£ied for 25 cycles at 95-C for 25 seconds. 60-C for 60 
^= J 72- for 60 seconds in a 9600 GeneaBp PCP- System 

" r n -"L cetus Corp.. Branchburg. » 
, direct* into the « ^t^ST^ — ~ 

•rSLT^^ ^Ts=^e 5 ;inteTugentics. Mountain View. 

r Tested c^ sajes were a^lif ied undiluted and with two 

TddUional two-fold dilutions with cytokine specific ^ . 
. and at ^-T^T^Sl. 

relTtlveToTactin was opined 'for each dilution and 
relative m columns in Table III. 

expressed as the mean ratio + SE (see an co 
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except for the columns labeled "ratio" which show the ratio of 
the value of the column labeled OVA over the value of the 
column labeled "medium" and thus compares the OVA readings 
against the background) . 
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qfrat-.lfltlc fll analysis 

The statistical significance of differences between 
experimental groups was determined using unpaired two- tailed 
Student's t-test, with differences considered significant at 
P < 0.05. 



Examnle l- Exposure of nice to multiple doses of OVA 
K xamplg l, ^° ce8 0 VA- specific T lymphocyte 

unresponsiveness in vitro. — _ 

To determine if tolerance could be induced in both 
Thl and Th2 lymphocyte subsets, we exposed (orally tolerized) 
mice to OVA in their drinking water (ad libitum consumption) . 
Exposure was continued for 20 days, and then mice were 
immunized by OVA-CFA. Control mice were primed by OVA-CFA or 
CFA alone. Spleen cell cultures were prepared 10 days after 
immunization and T lymphocyte proliferation in response to OVA 
(Fig. 1A) or PPD (Fig. IB) was determined. T lymphocytes did 
not proliferate in response to OVA but exhibited a dose 
25 dependent response to PPD which was similar to that of the OVA- 
primed, non-tolerant control group (Fig. 1A-1D ; P < 0.05 for 
all antigen doses, representative of 6 experiments) . Identical 
observations were made with LN (popliteal and mesenteric) cell 
cultures, with other protein antigens (human serum albumin 
30 [HSA] , and hen egg lysozyme (HEL) and with Al(OH) 3 as adjuvant 
(data not shown). Thus, multi-dose oral exposure to external 
antigens in solution is not an immunogenic stimulus, but rather 
induces antigen- specific T lymphocyte unresponsiveness, as 
determined by absence of T lymphocyte proliferation. 
35 m more detail, Figures 1A and IB depict graphically 

the results of experiment involving multi-dose oral exposure 
to OVA and show that such exposure diminishes T lymphocyte 
proliferation response in vitro. Mice were multi-dose exposed 
to OVA in drinking water for 20 days and primed by OVA-CFA 
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(open triangles) . Control mice were primed by OVA-CFA (filled 
circles) or CFA alone (open circles) . Control mice were primed 
by OVA-CFA (filled circles) or CFA alone (open circles). 
Pooled erythrocyte-depleted spleen cells were prepared 10 days 
after immunization and stimulated by different concentrations 
of OVA (Fig. 1A) or PPD (Fig. IB) . Results are averages ± SEM 
of quadruplicate cultures containing pooled cells from at least 
5 mice, and are expressed in absorbance units at 750-630 nm. 

The results of this experiment show that multi-dose 
oral administration of antigens suppresses proliferation of 
antigen- specific T-lymphocytes and therefore suppresses a T- 
cell response. 

Examole 2- Determination of absence of both Thl and Th2 
E2 ™ JLJL " cytokine secretion in cultures derived from 
mice exposed to multiple doses of OVA in 
* r 1X)fclna water. ■ 

Absence of proliferation is only partially indicative 
of tolerance, since activated non-dividing cells may produce 
cytokines (22,23). Thus, to further establish an in vitro 
state of tolerance in T lymphocytes derived from mice exposed 
to multiple doses of OVA in their drinking water, in vitro 
cytokine secretion was determined. Mice, multi-dose fed OVA 
(1 mg/mL) in drinking water for 20 days or non-fed controls, 
were immunized I. P. by OVA-CFA or 0VA-A1(0H) 3 alone; two 
additional non-fed groups were primed by either CFA or Al(OH), 
alone. Spleen cell cultures were prepared 10 days after 
immunization, incubated with or without OVA, and supematants 
were collected to determine secretion of IL-4, IL-2 and IFN 7 
(Table 1, representative of 5 experiments) . 

in more detail, the results in Table 1 were generated 
as follows: pooled, erythrocyte-depleted, spleen cells (10 x 
lOVmL) were cultured 10 days after immunizations with or 
without OVA or PPD (1 mg/mL). Cytokine secretion was 
determined by ELISA. Cytokine levels were calculated from a 
log- log plot of absorbance vs concentration of recombinant 
cytokines. Results are averages of quadruplicate cultures 
pooled from at least 5 mice ± SEM. Values in bold lettering 
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indicate significant cytokine secretion above threshold levels 

(P ' °"° 5) Mice exposed to multiple doses of OVA did not secrete 
IL -4 IL-2 or IFN Y in response to OVA (not at the designated 
Le'points and not at any other time point during a 48-hour 
cul ture period) , suggesting that both Th2 (IL-4 secretors) and 
Thl (IL-2 and IFNy secretors) OVA specific lymphocytes were 
tolerant. This conclusion is supported by the following 
observations: ^ ^ ^ ^ ^ 

to OVA in control cultures derived from OVA-CFA and 0VA"Al(0Hh 
primed mice, but not in those derived from mice primed by CPA 
or A1(0H) 3 alone, thus indicating OVA-specific activation of 
both Thl and Th2 lymphocytes in two adjuvant systems (P < 

15 °"° 5) ' 2) Tolerance was OVA-specific as evidenced by 

the capacity of cells from OVA-exposed mice to secrete 
cytokines in response to PPD (P < 0.05) . 

The possible presence of IL-4 and IL-2, undetected 
by ELISA, was further evaluated by bioassays using CTL48 
Available from the NIH, and CTLL-2 (commercially available 
from the ATCC) cells, respectively; IL-2 and IL-4 were not 
detected in cultures derived from mice exposed to multiple 
doses of OVA, HSA or HEL, and identical observations were 
obtained with LN cell cultures (data not shown) . The results 
of these experiments establish that multi-dose ora e,osur 
to antigen in solution induces specific tolerance of Th2 and 
Thl lymphocytes as determined by in vitro proliferation and 
cytokine secretion. 

7^2 cvtoH p? genes, 

To further evaluate the level of toleranoe induced 
by exposing mice to KUltiple doses of OVA. we measured cytokine 
aene expression in response to OVA. 

Mice, multi-dose fed or non-fed controls, were 
ionised by OVA-CFA; an additional non-fed group was prmed 
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by CFA alone. Spleen cell cultures were prepared 10 days after 
immunization, incubated with or without OVA, and cells were 
collected to determine IL-4, IL-2 and IFN 7 mRNA expression by 
quantitative PCR (Table 2, representative of 3 experiments). 

In more detail, the results in Table 2 were generated 
as follows: mice were exposed to multiple doses of OVA in 
drinking water for 20 days (1 mg/mL OVA in water) and then 
immunized I. P. by OVA-CFA. Control non-fed mice were primed 
by OVA-CFA. 

Pooled erythrocyte -depleted spleen cells (5 x 10 /ml) 
were cultured 10 days after immunizations with or without OVA 
(1 mg/mL) for 6 hours. Cells were collected and total RNA was 
isolated. mRNA was reverse transcribed into cDNA and the 
expression levels of IL-4, IL-2, IFN 7 and 0-actin messages were 
determined by quantitative PCR using cytokine specific primers, 
as described in Materials and Methods. Visualized bands were 
quantitated using a 0-scope, and cytokine mRNA expression 
values are relative to those of 0-actin mRNA used as an 
internal control ± SEM. In addition, mRNA expression is 
presented as the ratio between mRNA expressed in response to 
OVA and that expressed in response to medium alone. Values in 
bold lettering indicate significant mRNA expression above 
levels expressed in response to medium alone (P < 0.05). 

The data show that IL-4, IL-2 and IFN 7 mRNA were not 
expressed in response to OVA by cells derived from mice multi- 
dose fed with OVA. In contrast. IL-4, IL-2 and IFN Y mRNAs were 
specifically elevated in control cultures (P < 0.05). Hence, 
the state of tolerance in Th2 and Thl lymphocyte subsets was 
confirmed by absence of cytokine gene expression following a 
30 specific antigen stimulus. These results confirm that oral 
multi-dose administration of an antigen suppresses the 
occurrence of antigen- specific Th2 and Thl cells and therefore 
suppresses an immune response to the antigen. 
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i a. Determination that mice exposed to multiple 
J££"oX do not secrete Th2 and Thl dependent 

f T, ^<hodlep in vivo. ■ 

The previous observations indicated that multi-dose 
5 feeding of OVA induced a state of tolerance in Th2 and Thl 
lymphocyte subsets, as determined by in vitro analysis To 
confirm that a similar state was present in vivo, we studied 
profiles of antibodies produced in response to OVA stimulation 
in tolerant mice. Antibody isotype profiles serve as relative 
10 indicators of murine Th subset activity in vivo; IgGl and IgE 
10 Troluction is regulated by IL-4 and represents a Th2 mediated 
response, whereas lgG2a and IgG2b production is regulated by 
^ and represents a Thi mediated response (24 25) ^ce were 
multi-dose fed with OVA for 20 days and then primed by OVA-CFA 
15 Control mice were primed by OVA-CFA or CPA alone^ Serum 
samples were collected temporally after immunization (15 60 
days) and analyzed for OVA-specific igGl, IgE, lgG2a and igG2b 
secretion (Figs. 2A-2D, antibody titers in serum 15 days after 
immunization, representative of 5 experiments). 
20 Figure 2 depicts graphically the results of 

experiments in which mice were multi-dose fed with OVA for 20 
days (1 mg/ml) and primed by OVA-CFA (open triangles) . Control 
1L were primed by OVA-CFA (filled circles) or by CFA alone 
(open circles) . Serum samples were collected 15 days after 
25 immunization and individually assayed for < F *-™' 
Ig G 2b (Fig. 2B), igOl (Fig. 2C) and IgE (Fig. 2D) b> ELISA 
itibody !iters are averages ± SEM of titers from i™a 
mice (for all isotypes) and are expressed in absorbance units 
at 405 nm. Each experimental group contained at least 5 mice^ 
30 as shown in Fig. 2, mice fed multiple doses of OVA 

did not produce any detectable antibody response to OVA; thus 
anti-OVA igGl and IgE, as well as IgG2a and IgG2b, levels were 
completely diminished. In contrast, control mice primed by 
OVA-CFA developed significant responses that consisted of all 
35 antibody subclasses, indicating that CFA was capable at 
supporting both Th2 and Thl mediated responses an vivo (Al [OH] 3 
promoted selective Th2 mediated antibody production and could 
not be used to confirm Thl tolerance) . Antibody production was 
intact in tolerant mice as evidenced by presence of all four 
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susses in response to levels were 

control OVA-CFA ionized mice, and ermilar W « e 
20 30 45 and 60 days after immunization (data not 

: : « - — — « « 

reB ponses are suscept^ 
induction by multi-dose oral exposure 
above a threshold amount. 

Since selective tolerization of Thl lymphocytes was 
accomplished by means of a different feeding regies Mb, - . 
single or an intermittent feeding regimen; ass e g. ref . 4) 
i t was of interest to determine comparative requirements for 
LZ ng Th2 lymphocyte tolerance. Three parameters were 
studied l) the rigidity of the feeding regimen, namely the 
nece st y for multi-dose exposure compared with a less-f requen 
r£Lt (e.g. once daily, feeding regimen; 2, the minimal 
antigen dosage required for effective *f"^° a °l™ 
lymphocytes; 3) the minimal period required for effective 
tolerization of Th2 lymphocytes. 

The rmportance of the feeding regimen for 
tolerization of Th2 lymphocytes was studied by 
degree of tolerance generated by multi-dose exposure to OVA in 
drying water for 20 days to that generated by an "ttent 
(in this experiment on alternate days, feeding regtaen in which 
lice received the same average dose of OVA ,4,0.25 mg/day ^ 
Mice were then immunized by OVA-CFA. and W 
groups to OVA were compared 15 days after immunization (Table 
3. representative of 4 experiments,. 

Table 3 was generated from data from the following 
experiment: mice were either exposed to multiple doses of OVA 
(1 mg/mL, or received dally boluses containing 4 mg/mL for 

iayB ' Details of cytokine measurement are as in Table 1; 
concentrations are pg/mL for 1,-2 and IL-4, and ng/mL , f« Mr- 
OVA specific responses are averages of 

♦ SBM, and values in bold lettering indicate significant 
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cytokine secretion above background threshold levels (see Table 

1) (P < 0.05) . 

Serum IgG2a and IgE were measured 15 days after 
ionization by isotype specific EL ISA, and anti-OVA specific 
5 responses are expressed in absorbance units at 405 nm. ^ The 
values of IgG2a and IgE are from serum dilutions of 1:100 or 
1 40 respectively, and are averages of at least 5 individual 
ndce ± SEM. Values in boldface indicate significant secretion 
as compared to levels in naive serum (mean absorbance 

10 0.15+0.02) (P 0.05). 

Thl and Th2 tolerance resulted from the multi-dose 
feeding regimen (both in vitro cytokine production and in vivo 
antibody secretion) , whereas the intermittent feeding reg^en 
caused selective Thl tolerance while Th2 responses (cytokine 

is and antibody) were unchanged, apart from a minor * 
IL-4 secretion (P < 0.05). Hence, the method of antigen 
exposure (multi -dose daily vs . intermittent) at ^particular 
level of antigen administered was important for generation of 

Th2 tolerance. »«r**-n w 
20 The minimal antigen dosage required for effective 

tolerization of Th2 lymphocytes was determined by multi-dose 
exposure of mice to different concentrations of OVA in drinking 
Tter (0-1 mg/mL) for 20 days. OVA specific cytokine 
production in vitro and anti-OVA igGl and IgG2a production were 
25 assayed 15 days after immunizing mice with OVA-CFA (Fig. 3. 
representative of 4 experiments) . 

in the experiment that gave rise to Fig. 3, mice were 
nuati-dose fed with different dosages of OVA for 20 days, and 
primed by OVA-CFA. Spleens and serum samples were collected 
30 15 days after immunization to determine cytokine (circles) and 
antibody (triangles) secretion respectively. 
depleted spleen cells were cultured as detailed m the 
description of the experiment for Table 1, 
were added to cultures of CTLL-2 or CT.4S cells for detection 
35 of IL-2 (solid circles) and IL-4 (open circles) 

Results are averages ± SEM of quadruplicate cultures and are 
expressed in absorbance units at 570-630 nm. IgG2a (-id 
triangles) and IgGl (open triangles) were determined by ELISA. 
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Antibody titers are averages of antibody binding ± SEM from 
individual mice at a serum dilution of 1:400 and are expressed 
in absorbance units at 405nm. Each experimental group 

contained at least 5 mice. 

Results in Fig. 3 show that tolerization of cytokine 
secretion in vitro and antibody responses in vivo required 
multi-dose exposure to 1 mg/mL OVA (P < 0.05). A dosage . of 
0 01 mg/mL had no effect on T lymphocyte functions (P > 0.05), 
and 0.1 mg/mL had only marginal effects on the measured 
functions (P - 0.05). Hence, effective oral tolerization of 
both Thl and Th2 controlled responses (cytokine and antibody 
production) required dosages of this antigen in excess of 0.1 
mg/mL. This shows that there is a minimum effective amount of 
orally administered antigen. 

The minimal period required for effective 
tolerization of Th2 lymphocytes was determined by evaluating 
the temporal degree of tolerance generated in vivo by exposing 
mice to multiple doses of OVA (1 mg/mL) . Mice were immunized 
temporally after feeding was initiated, and serum samples were 
collected, in each case, 15 days after immunization, and then 
assayed by ELISA for igGl and IgG2a (Fig. 4, representative of 

5 experiments) . 

For the experiment of Fig. 4, mice were exposed to 
multiple doses of OVA for different periods (1-20 days) . After 
each exposure period mice were immunized by OVA-CFA. 
individual sera were prepared 15 days later and assayed by 
ELISA for anti-OVA IgGl (open circles) and IgG2a (solid 
circles) . Results are average antibody binding ± SEM from 
individual mice at a serum dilution of 1:400, and are presented 
in absorbance units at 405nm. Each experimental group 
contained at least 5 mice. Similar binding patterns were seen 
at serum dilutions ranging from 1:10 up to 1:800; antibody 
activity attained background values (0.155) at a dilution of 

5 As shown in Fig. 4, Thl mediated responses were most 

sensitive to tolerance induction: a single-day period of multi- 
dose exposure to OVA was sufficient to dramatically reduce 
specific IgG2a production (Thl -controlled) , which essentially 
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ceased after 5 daye o£ exposure. In comparison. Th2 controlled 
responses were highly resistant to tolerance induction and 
became so only after 20 days of multi-dose exposure to antigen: 
anti-OVA !*» production gradually diminished ti- of 

5 exposure to OVA and attained background values only after 15-20 
days of exposure. To summarize, oral toleration of Thl 
lymphocytes was achieved after a brief and rntermittent 
exposure period to antigen. On the other hand, oral 
toleration of Th2 lymphocytes was achieved only after 
L0 extended perils of exposure to antigen and. at this amount per 
feeding, antigen needed to be administered in a multi-dose 
Tny hedule This shows that there is a minimum effective 
Period of exposure to antigen, which is longer for Th2 than for 
Thl suppression. 

15 The results of this experiment show that there is a 

m inimum effective amount of an antigen for inducing tolerance 
of a Th2 response specific to that antigen. The results also 
show that there is an interrelationship between the antigen 
amount fed and the frequency of the administration on one hand 

20 and the effectiveness of the suppression on the other. More 
frequent (multi-dose daily) administration increases the 
effectiveness of tolerization. Moreover, oral tolerization of 
Th2 responses requires a longer period of treatment than oral 
tolerization of Thl responses. 

" ™i e 6- Frequency of CD4+, V08.2+ T cells in Payer's 

E2£§SSBl£-&. f^iowln ri^T"" fading. 

Ovalbumin (OVA) specific TcR- transgenic mice (n-6- 
9/group) that express the VC13/V08.2 TcR on 97% of peripheral 
30 T cells (Murphy et al.. Science 250, 1720-23 (1990)) were fed 
every other day for a total of up to five feedings with 0 5, 
5 or 500 mg OVA. Members from each group were sacrificed 
either prior to the initiation of feeding or 24 hr after each 
feeding to provide data for no feeding of for intermediate 
35 feeding frequencies. Peyer's patches (5-8 per mouse) were 
harvested from the small intestine and a single cell suspension 
was prepared as described in Santos et al. Cell 1^1 157 
439-447 (1994) . Cells were first centrifuged through a ficoll 
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* i-v^n flt-ained for CD4 (with PE- conjugated 

San Biego. CA, . ™« 
! Llvsed on a Becton-Diclcinson FACSort using Lysis II 
s -ta collection was gated on live cells through 

Tropin iodide exclusion and data represent 10.000 event 

10 represents an average r significance (chi 

independent experiments. The statistical signx 

, ^ of freauency differences of CD4+, V08.2+ T 
square analysis) of frequency for 0>5 mg £e d, 

cells among the various groups was as follows, for J 
T< 0.00! versus 5 mg. 500 mg and unfed after 3 ^^f; 

15 for 5 mg and 500 mg fed, p < 0.001 versus unfed after 

feedin9B; Exposure to small doses of OVA steadily increases the 

„f vfl8 2 + cells that are CD4 + in the Peyer s 
percentage of V08.2+ but 

third feeding the percentage of CO*.. V»8.2* T cells na 
decreased froL 20* (unfed) to less than 1.5*. The decrease .as 
oHhe result of an increase in the non-T cell population, as 
25 din; r - associated with a iO-25* decrease in the total 
Peyer- s patch cells. No effect was observed when 
OVA^TcR transgenic animals were fed 500 « 
albun in and feeding 500 mg OVA did not af ect the T cell 
frequency in Peyer- s patches of non-transgenic ani^ls (data 
30 not shown) ^ ^ ^ ^ ln CD4+ 

cell population was seen after one feeding. This was further 

investigated in Example 8. 

There was no infiltration by CD4 + ,TcRV08.2 + T cells 
35 of other lymphoid or nonlymphoid organs such as lung or liver 
(based on animals feed 500 mg OVA 3-5 times) . 

These results demonstrate that antigen- specif xc CD4 + 
T.cells are considerably suppressed following feeding of a 
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larce amount of antigen for several times though neither multi- 
nTr daily feedings are retire, at this level of ant gen 
D er feeding. These results complement the daily multi dose 
r^nts described above in showing high suppression 
expenmen Bmn i. intermittent, frequent 

5 ST ^-ily daily) feedings of larger doses of 

anti96n ' Figures 5B and 5C are fluorescence (FACS) contour 

.lots of Peyer's patches from animals fed 5 times with either 
10 PBS (Fig 5B) or OVA (Fig. 5C> . These panels show the same 
10 Inscribed above but illustrate pictorially 

absence of CD4 + cells from the upper right-hand quadrant of the 

FACS plot. 

n Frequency of apoptosis of V08.2+ T cells in 

15 Example^: ^f^,?^ ?, % t nnl^i nfll™ ^^ina. 

To determine whether the loss of CD4 + ,V08.2 + cells 
occurred by depletion, the following experim ™£ rf 

Peyer's patch cells as prepared in Example 6 were 
20 stained for V08.2 with FITC- conjugated MR5-2 mAb ^ and for 
degraded DNA with acridine orange (Sigma, St. Louis MOK 
Fluorescence was analyzed as in Example 6, and data co Uectx 
IZ ted on live V08.2+ cells. Data represent 10 000 events 
TesLted as probability (15%) contours. To demonstrate 
presented P acridi ne orange using a 

25 apoptosis, cells were scameu 99-107 
modified method of Hardin et al. (J. «•*■ «*■ 99 10 

(1992)) . Briefly. 10« ficoll separated cells were first 
tain d for V08.2 and then incubated in 100 ,1 of DMEM culture 
containing 10 „ of acridine orange at 25-c „ « 
30 Cells »ere then washed and examined directly without fixation. 
30 ^number of *..a- apoptotic ceUs versus feeding over : time 
is graphed in Figure «. Each data pornt rn Figure ,J* 
represents an average from 6-10 mice pooled from three 
H experiments. The statistical ■l*"*™ £ 
35 .Jr. analysis, of the frequency ° £ ^ ^ 

V09.2, T cells was as follows: for 500 mg fed, p 0.001 after 
2 feedings versus 5 mg.. 0.5 mg. and unfed, for 5 mg p < 0.01 
versus 0.5 mg and unfed after 3 and 5 feedings. 
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The Figure 6A graph indicates that feeding of 500 mg 
of OVA sharply increases the number of apoptotic V08.2 + T^cells 
after the second feeding, while 5 mg induces only a gradual 
apoptosis increase (to 8% by the 5th feeding), and 0 5 mg 
induces minimal apoptosis. The increase of apoptotic cells 
seen in animals fed 500 mg returned to background levels by the 
rd feeding. In the animals fed 5 mg, the progressive xncrea e 
reached 8% by the 5th feeding, whereas there was consistently 
n y a Mni Jl number of cells undergoing apoptosis in animals 
fed 0.5 mg. Furthermore, there was no increased deletion of 
CD4 + , V08.2+ cells observed in animals fed 0.5 mg twenty times 
over a one -month period (data not shown) . 

m situ labeling of cells for degraded DNA 
demonstrated a large percentage (up to 10%) of cells undergoing 
programmed cell death in the dome area of Peyer's patches from 
Lee fed 500 mg OVA twice. PALS plots Fig 6B 
illustrate this. This was not observed in control animals (fed 
1 rag HEL) and was only minimally observed in animals fed 1 mg 

OVA (data not shown) . 

These results show that feeding large amounts of 
antigen induces clonal deletion of antigen- specific T-cells, 
which increases with repeated intermittent feeding. 

Examolea- Quantification of T cell activation in Peyer'8 

2&&&JLJi< foiiowim ffrM-V" ■ fading. 

The following experiment shows that T-cell deletion 
after high doses of oral antigen is preceded by T-cell 
activation. 

Peyer's patch cells as prepared in Example 6 were 
) stained for V08.2 with FITC- conjugated MR5-2 mAb and for total 
DNA with propidium iodide (Noguchi in Current Protocols xn 
immunology, ed. Coligan et al., Wiley * Sons, Secaucus, N.J., 
1994). Stimulation is measured by determining the number of 
V|38 2 + cells with high DNA content through propidium xodxde 
5 staining because such cells are actively dividing, that is, 
they are in the S/G2-M phase of the cell cycle. Fluorescence 
was analyzed as in Example 7. The number of V08.2 + ce Is xn 
S/G2-M phase versus feeding over time is graphically 
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represented in Figure 7 with each data point representing a 
pooled average from 6-10 mice in three separate 
L statistical significance (chi square analysis) of the 
frequency differences of S/G2-M. V08.2* T cells was as follows: 
for 500 mg fed, p < 0.001 after 1-3 feedings versus unfed; for 
0 5 and 5 mg fed, p < 0.01 versus unfed at all time P°^"- 

The Fig. 7A graph shows that feeding of 500 mg of OVA 
induces an initial stimulation of V08.2- cells whi* .rapidly 
declines, presumably due to cell death, while stimulation 
Educed by 5 mg and 0.5 mg feedings rise more slowly and tend 
to plateau at 4-5 feedings. Specifically, after one feeding 
500 mg OVA the percentage of activated celis rose to 7* and 
returned to 0 after five feedings. An increase » he 
percentage of activated cells also occurred in anHnale fed 0.5 
"and 5 mg and was m^imal after 3 feedings although <*le-n was 
only observed in 5 mg fed animals. In addition, approximately 
Hi of T cells in animals fed two times with 500 mg OVA egress 
the cell surface activation marker CD44 with low or no CD45RB 
demonstrating T cell activation following oral antigen and ^that 
this activation precedes deletion (data not shown) ^ S - 1B 
and 7C are FALS plots v. DNA content comparing unfed animals 

with animals fed 5 mg OVA once. „ n , lMI1 
These results show that large amounts of antigen 
administered orally on an intermittent schedule of frequent but 

25 not necessarily daily feedings cause activation- induced 
apoptosis in antigen-specific T-=ells. Indeed, m thx. and 
experiments 6. 7 and 9. considerable antigen-specxf « induced 
hyporesponsiveness of T- cells was observed even though the 
t «al number of OVA-specific T-=ells is very high in the 

30 transgenic animal model used. 

S£sml ^, Measurement ot acti vation and toleration of 

To determine the subtype of the T-cells being 
deleted, the following experiment was performed: 

OVA-TCR transgenic mice were fed and sacrificed as 
described in Example 6. Splenocytes, 4 x 10* cells/well, were 
cultured in 0.2 ml of serum- free medium containing various 
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concentrations of OVA. Peyer's patches were not used because 
^contained an inadequate number of cells for multip e 
ytoklne assays. Coltur. eupematants .ere coUected after 0 
hrs (for IL-2, IL-4, IL-10, IFN-r) or 72 hrs (for TCF-S) . 
ZlLe concentration was determined by ELISA. Ouantitat ve 
ELISA for IL-2. XL-4. 1L-X0 and IBM- was performed using 
paired mAbe specific for corresponding cytokines per 
Lnufacturer-s recommendations (Pharmingen, San Diego CM. 
Active TGP-dl (without acid treatment) was determined by a 
sandwich ELISA as described in Friedman «, Weiner. Proc ma. 
Acad, sci. USA 91. 6688-6692 (1994) . The results are in Pigs. 

8A " Data presented represent mean of cultures with 1 

™/ml of OVA minus mean of cultures with 1 mg/ml of HEL. Each 
7ata point represents an average from 4-6 mice; the standard 
deviation is within 15* of the mean. The expert ^ was 
repeated 3 times with similar results. The »tatistical 
significance (as determined by Student's t test, for OVA fed 
versus unfed was as follows: p < 0.000! for IL-2 after feeding 
500 mg OVA 2-5 times; p < 0.001 for IL-4 and IL-10 after 
feeding 5 mg or 500 mg OVA 3 times; p < 0.001 for IL-4 and IL- 
l. after feeding 0.5 mg OVA 5 times. P < 0.001 or IPK-r after 
feeding 5 mg or 500 mg OVA 3 times; p < 0.0001 for TGP-S after 
feeding OVA 3-5 times at all doses. 

AS seen in Figure 8, feeding of 500 mg (and 5 mg) of 
OVA initially enhances both Thl (IFH-v) and Th2 (IL-4 and IL- 
l0 ) cytokines in the spleen which is completely lost with 
continued feeding, while IL-2 secretion decreases without prior 
enhancement. Feeding of 0.5 mg progressively enhances it-, and 
, il-10, with a minimal effect on the production of IL-2 and IFN 
, (These cytokine changes are consistent with the increase 
of CD4*.ve8.2, cells following low-dose feeding in Example 6 
and the decrease of these cells in Example 7 following b*h- 
dose feeding.) This indicates that a minimum dose of ant gen 
5 is required for suppression of a cytokine profile, and that 
this amount is higher for suppression of the Th2 cytokxne 
profile. 
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All three feeding regimens enhanced the production 
of TGF-/J by OVA-specific T-cells. This indicates that antigen- 
specific T- cells secreting the nonspecific immunosuppressive 
Factor TGF-0 are resistant to deletion by this tolerization 
5 regime. However, this is beneficial to treatment of autoimmune 
disease because TGF-0 has the property of suppressing all 
immune responses in the vicinity of its release, including 
autoimmune responses. 

10 Fi^m^ Experiments 

Splenic T cell proliferative responses were greater 

than 90% suppressed in OVA fed vs. nonfed animals (3,432± 52 

vs 47 079±6,131 ACPM) measured by tritiated thymidine uptake 

and anybody responses (measured by ELISA) were suppressed by 

15 50-75% in mice fed 500 mg OVA 5 times followed by subcutaneous 

ionization with 100 W OVA/CFA. Anti-OVA IgM titers measured 

by ELISA were reduced from 512 ± 43 in non-fed to 128±21 in the 

fed mice; IgGl was reduced from 32 ± 5 to 16 ± 7; and IgG2a from 

256 ± 14 to 128±36. There were few or no detectable anti-OVA 

20 antibodies in naive transgenic mice, which indicates that all 

the anti-OVA antibodies were induced by immunization with OVA. 

in addition to deletion, evidence of anergy was also observed 

in mice fed 500 mg OVA. Specifically, the reduced splenic T 

cell proliferative responses could be partially reversed (from 

25 3 432+52 to 24,227+1468 ACPM) by preculture of cells with 

recombinant IL-2 indicating that a number of antigen- specif ic 

T-cells became unresponsive not due to apoptosis, but due to 

aner9Y ' The foregoing experiments confirm both Thl and Th2 
30 suppression can be achieved using intermittent oral 
administration of large amounts of antigen. Thus when 
treating antibody-mediated autoimmune diseases, an oral feeding 
regimen involving large amounts of autoantigen administered in 
single doses intermittently is indicated as one effective way 
35 of suppressing Th2 responses to that antigen. 
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f r 7»» of Hinn nn Treatment 

S*™ 1 ^ JE^ET^t- with asthenia gravis is 

first orally administered 2.5 mg. of nicotinic acetylcholine 
first orally eliminate the unlikely 

reCeP rnit°; o £ adverse reaction. Following this, the daily 
' M i Increased to 10 mg for a period of one to two weeks 
dosage is t , B ^iboay responses are 

at the end of vM=h ^the p co aceCylcholi ne 

, receptor) . If h° £tc (and the 

increased (progressively) t ^ SO ^ ^ 

nut STZ^^- - — ' " toily 

rsi: he ^ - ^£^rr«"£ 

u , 1fl fnr at least three months. Periodically, muscie 
and ^ progre8B . (Wjscle strength can 

° To" u^d - Indicator of treatment efficacy instead of 
antLoly responses during the phase of determining appropriate 
dosage and schedule.) 

ExamdeBi Mltnlll Thro-hnHrtTmUl rmm 

StaWl^ indlvidual a£tl icted with this disease is 

subjected to the same regimen as in Example A except that 
Tatelet count is monitored (weekly) and pre erabiy 
platelet co ^ admln istered 

gly coprotem liberie a« use 

autoantigen. A dosage is efre inc rease 

" ^-JT^TI^-S^I--- antigen. 
«ivelv" an i^oassay measuring antibodies to platelets 
can be used to monitor the patient's progress. 

35 -"^n JESS'S^ Hashimoto's disease is 
subjected to the same regimen as above but t*«*£"^» 10 
usea as the antigen at the same amounts as in Example A. 
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Effectiveness of a particular region, is assessed 
and the patient, progress is monitored * = ^ 

fel : T wee- before effectiveness can be assessed. « 

euffering from ^^Z^^^ 
^°^°^™™;Z eBa will be stored, e.g., 
administered and therapeutic prog ,„„ (h „ rtv tit er or TSH 

by decrease in anti-TSHR autoreactive antibody titer. 

1SVelS ' The invention has been described above by reference 
co preferred events. It will be understood tb* many 
modifications are possible within the scope o £ the claims that 

£ ° UOW ' Ml documents, patents and patent applications are 
incorporated by reference in their entirety 
conflict, the present disclosure including its defin 
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WE CLAIM: 

1. A method for treating a mammal suffering from 
an antibody-mediated autoimmune disease comprising 

orally administering to said mammal at least one 
] autoantigen specific for said disease at a predetermined 
5 frequency of administration; and 

continuing said administration at said frequency at 
least until at least one clinical symptom of said disease has 
« reduced or until at least one clinical indicator 
, associated with said disease has attained or approached it. 
10 normal value. 

1 2 The method of claim 1 wherein the amount of said 

2 antigen, the frequency of said administration, and said period 

3 of time are effective to suppress a Th2 cell-mediated 
autoimmune response associated with said disease. 

The method of claim 2 wherein said mammal is a 



7 

8 been 



4 



1 3. 

2 human . 

4 . 



1 
2 

1 
2 



, The method of claim 3 wherein said disease is 
selected from the group consisting of: systemic lupus 
erythematosus, autoimmune thyroiditis, myasthenia gravis, 
glomerulonephritis, autoimmune hemolytic anemia, autoimmune 
thrombocytopenic purpura, pemphigus vulgaris, Grave's disease, 
Type II-diabetes, insulin resistance, and pernicious anemia. 

5 The method of claim 3 wherein said frequency of 
administration comprises administering said amount of said 
autoantigen at multiple doses at spaced apart intervals during 
a single day. 

fi The method of claim 5 which comprises 
administering at least 6 doses of said autoantigen per day. 

7 The method of claim 3 comprising continuing said 
administration for a period of time of at least two weeks. 
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8 Th e method of claim 5 wherein said amount is 
within the range of 5 to 1000 mg of said autoantigen per day. 

9 The method of claim 1 comprising administering 

_ Please oral dosage form comprising 

to said ma»al a sustained release or. 9 autoantige „ in 

said autoantigen and formulated to release s 

• „„(„,i tract of said mammal tor a penoo » 
the gastrointestinal tract o 

within the range o£ between about 6 and between 

10 . A method for treating a mammal suffering from 
an antibody-mediated autoimmune disease, which comprises orally 
rrlter-hg to said ma^al an autoantigen specrf £ for >d 
di6e ase and continuing said a m^s rat ~£ 
sufficient to accomplish at least on 

reduce the number of autoreactive Th2 cells m 
mammal recognizing said autoantigen; in said 

reduce the number of autoreactive antibodies in 
mammal recognizing said autoantigen; and 

eliminate or alleviate in said mammal at least 
clinical symptom or indicator associated with said disease. 

U A method for suppressing an autoimmune response 
in a mammal 'in need of treatment, said mammal having* ^east 
one of autoreactive Th 2 cells and ^^^^^ 
recognize an autoantigen, the occurrence of said Th2 cells 
said antibodies being associated with an antibody-mediated 
roilne disease, the method comprising ^ 
to gaid -.-—n,, — ^^t to 
of administration, and for a periou 
accomplish at least one of the following: 

decrease the number of said Th2 cells in said mammal, 
decrease the number of said autoreactive antibodies 

in said mammal; and 

eliminate or alleviate for said mammal at least one 
clinical symptom or indicator associated with said disease. 
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12. The method of claim 11, wherein said frequency 
comprises administering multiple doses of said autoantigen 
daily at spaced apart intervals within each day. 

13. A method for treating a mammal suffering from 
an antibody-mediated autoimmune disease comprising 

parenterally administering to said mammal at least 
one autoantigen specific for said disease; and 

continuing said administration for a period of time; 
the amount of said antigen and said period of time being 
effective to suppress a Th2 cell mediated autoimmune response 
associated with said disease. 
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